ABSTRACT The Skuterud catchment is a small artificially drained agricultural catchment, located in south eastern Norway. The total area of the catchment is 4.5 km2 of which agriculture covers 2.7 km2, forest 1.3 km2 while the rest is occupied by urban area. The main agricultural crops are wheat, barley and oat. Climate change can potentially lead to an increase in the number of freeze/thaw cycles which in addition to the predicted increase in precipitation during the period after the growing season from September -April, might lead to an increase in both the amount of runoff and its intensity, with subsequent adverse effects on erosion and nutrient loss. Models are indispensable tools in the prediction of climate change effects on runoff generation. In this respect, the Drainmod model has been tested on the Skuterud catchment concerning its ability to predict runoff from an artificially drained agricultural catchment under prevailing winter conditions. The results are presented in this paper. If proven successful, the model can be used to predict the long term hydrologic impacts of climate change for the Norwegian conditions.
INTRODUCTION Agriculture contributes a significant portion of the nutrient losses to the environment, being to a large degree responsible for the eutrophication of inland surface -and coastal waters. Agricultural practices, climatic conditions, topography and geological conditions are important factors in determining those losses. Water is the transport mechanism for plant nutrients and soil particles to open water courses and groundwater. Flow processes and pathways in agricultural dominated catchments play an important role in the nutrient and soil loss processes. When comparing nutrient loss in small agricultural catchments in the Baltic and Nordic countries, Vagstad et al. (2004) found that the hydrology played an important role in explaining the differences between catchments. Catchments having a large contribution of groundwater runoff in the total runoff, in general had lower nitrogen losses. Deelstra et al. (1998a) in a comparison of runoff recession coefficients in Latvian, Estonian and Norwegian catchments, showed that longer residence times in the Latvian and Estonian catchments might partly explain the lower nitrogen losses. The main reasons for the differences in residence time were assumed to be topography, dominating soil types and artificial drainage intensity. Generally, artificial drainage of agricultural land can lead to an increase in nitratenitrogen runoff. However, its magnitude is very much influenced by the soil type and drainage system, characterised by its drain spacing and -depth Gilliam and Skaggs, 1986) . Tiemeyer et al. (2006) , when studying nutrient losses in artificially drained catchments, made similar observations and showed that measurement scale can essentially influence calculated nutrient loss. A study with the objective to characterize the hydrology in agricultural dominated catchment showed that often large diurnal variation in discharge occurs (Deelstra et al., 2007) . When designing hydrotechnical structures (culverts, bridges, subsurface drainage systems, e.g.) the maximum daily discharge values can be very relevant especially when large in-day variations exist and should in this case not be based on average daily discharge values. Knowledge about flow processes in agricultural hydrology is important with respect to 1) their impact on nutrient and soil loss processes in agricultural dominated catchments 2) the choice and implementation of suitable mitigation measures to abate present and future pollution problems and 3) the design of hydro-technical implementations. This becomes even more important when considering climate change scenarios which in addition to an increase in the temperature predict for Norway, an increase in precipitation for the period after the growing season from the autumn until spring. This increase in precipitation, combined with an increase in temperature can have serious effects on runoff and nutrient loss from small agricultural dominated catchments. Models are indispensable tools in the prediction of these effects on runoff generation. In this respect, the Drainmod model (Skaggs, 1978) has been tested on the Skuterud catchment concerning its ability to predict runoff from an artificially drained agricultural catchment under prevailing winter conditions. Catchment description. The total area of the catchment is approximately 450 ha. The main land use is agriculture with a total area of 272 ha in addition to a forested area of 129 ha. The rest includes among others a housing area. The discharges is measured at the catchment outlet using a Crump-weir (Crump, 1952) . Water levels are recorded automatically using a data-logger in combination with a pressure transducer and the discharge is calculated on the basis of the head-discharge relation for the Crump weir. Composite water samples are collected on a volume proportional basis at the monitoring station and analysed every fortnight for among others plant nutrients, dissolved solids and pesticides (Deelstra et al. 1998b ). The highest and lowest points in the catchment are approximately 150 and 85 meters above sea level respectively. In general, the slopes are long and gentle on the western part of the catchment, while the eastern side has shorter and steeper slopes. 9 farms are located in the catchment with a total of 51 individual fields. All the agricultural land is systematically drained with a drain spacing, L = 8 m and a drain depth, d = 0.8 m below soil surface. In addition are several intakes for surface runoff located.
MATERIALS AND METHODS
Land use Since the start of the monitoring programme, land owners have provided detailed information about farming practices including date and type of land cultivation, crop types including sowing-/harvesting dates and yield levels in addition to date and type of fertiliser application, manure and pesticides. Grain crops (wheat, barley, oats) are the dominating crops in the catchment area and constitute about 80 -90 % of the arable land. Normal sowing time is during spring in the months of April/May while harvesting occurs during August. Also autumn sown grain crops (rye, wheat) are grown in the catchment, their share varying from 25 -45 %. The forested area is dominated by Norway Spruce.
Soil types Marine fine deposits cover most of the catchment. At several places on the fringes of the agricultural land near the forested area, coarser marine shore deposits are dominating. The catchment is transected by marginal moraine ridges. The soil types in the catchment are dominated by marine, silt clay deposits with minor occurrences of marine sand and morainic deposits. The main silt clay deposits can be characterised as structured soils. The main characteristics for the dominating soil types in the agricultural and forested area are presented in table 1 and Figure 1 . (Table 1) . The highest temperatures occur during the growing season from May -August. Below-zero temperatures can already occur in November but in general the winter starts in the months of December and can last until March, however with significant variation over the years. The potential evaporation (PET) has been calculated using climatological data collected at the IMT. The PET is based on Penman representing the evaporation from an open water surface. The highest potential evaporation occurs during the growing season coinciding with the temperature profile over the year. The yearly PET varies from 463 -691 mm. The long term annual precipitation is 785 mm while the precipitation during the observation period varied from 651 -1200 mm. In general the highest monthly precipitation occurs after the growing season in the period from October -December (Figure 2 ). During this period there can be a considerable variation in the monthly precipitation. Runoff and nutrient loss The average yearly runoff varied from 278 -919 mm. The highest runoff and nutrient loss occurs during the off-season from September -March.
There is a strong seasonality in runoff generation. On average only 13% of the yearly runoff is generated during the summer season from May -August while 90% of the yearly runoff is discharged in less than 150 days. Runoff generation in the catchment has a very flashy character with large diurnal variation in discharge (Deelstra et al., 2007) . Main reasons for this are attributed to soil type, subsurface drainage intensity and the topography. In estimating the effect of climate change on runoff, nutrient and soil loss, the already existing flashy character, observed in Skuterud catchment has to be taken into consideration. Questions as to which degree the runoff, the distribution between surface and subsurface runoff and in-day variation in discharge will be affected? And how this will influence erosion and nutrient loss? Surface runoff can occur during the autumn due to excessive precipitation over longer period. However more often surface runoff is generated due to precipitation/snowmelt in combination with frozen soils which can occur both during autumn but more frequent during snowmelt at the end of the winter season. The average yearly runoff is 528 mm. There is a large variation in the yearly runoff for the period 1993 -2007 (Table 1) . Similar variations in the nitrogen and soil loss are observed. Also large variations in the monthly values for runoff, nitrogen and soil loss are observed (Figure 1 ).
RESULTS AND CONCLUSIONS
The DRAINMOD model has been calibrated/validated against measured discharge at the catchment outlet for the period from 1993 -2008 . Daily values for temperature, precipitation and the potential evaporation (PET) have been used as input to the model. Additional model parameters settings are presented in Table 3 . The model satisfactorily predicts the yearly runoff (Figure 3 ). Also the Nash -Sutcliffe coefficient show a reasonable fit between the daily measured and observed runoff values. As expected, the Nash-Sutcliffe improved with an increase in time period, for which the measured and simulated discharge was integrated. Both under and over estimation existed for individual years and seasons (not shown here). Therefore a further analysis has to be carried out to try and obtain additional improvements in the simulation results. Special attention will have to be paid to the effects of winter with snow accumulation and repeated freeze/thaw cycles in combination with precipitation on both surface and subsurface runoff generation. In Norway, melt water, causing surface runoff, is one of the most serious reasons for erosion, in addition to near-saturated soil moisture conditions after longer periods with rainfall during the autumn. Climate change prediction will lead to an increase in temperature in addition to an increase in precipitation, especially after the growing season. Bakken et al (2004) showed a shortening of the winter season could lead to an increase in the number of freeze/thaw cycles, less snow cover and a subsequent increase in the frost depth. Consecutive freeze/thaw cycles also lead to a reduction in the aggregate stability and shear strength, thereby enhancing soil and phosphorus loss (Kvaernø and Øygarden, 2006) . The challenge ahead is twofold, with shorter milder winter leading to an increased number of freeze/thaw cycles and combined with an increase in precipitation, causing an increase in surface runoff, soil and P-loss. This situation is aggravated in case the subsurface drainage system does not have enough capacity. Especially the need to get information about the effects of climate change on design of hydrotechnical implementations like intakes for surface runoff, culvert and subsurface drainage system is apparent. To improve our understanding and be able to simulate catchment runoff under different climate scenarios, models will be an indispensible tool. Knowledge about hydrology is necessary in the implementation of cost effective river basin management plans within the EU Water Framework Directive and in the selection of adequate measures to achieve at least good ecological status of water bodies by 2015. But not least, to be prepared for climate change and its effects on runoff and nutrient loss in agricultural dominated catchments. In this case the DRAINMOD model has been tested with good results. Additional work has to be carried out but the model is considered potentially suitable especially as it takes fully into consideration the effects of subsurface drainage systems, this being an important flow path for both runoff, nutrient and solids.
